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ABSTRACT
GRB 020903 is a long-duration gamma ray burst (LGRB) with a host galaxy close enough and
extended enough for spatially-resolved observations, making it one of less than a dozen GRBs where
such host studies are possible. GRB 020903 lies in a galaxy host complex that appears to consist of four
interacting components. Here we present the results of spatially-resolved spectroscopic observations
of the GRB 020903 host. By taking observations at two different position angles we were able to
obtain optical spectra (3600-9000A˚) of multiple regions in the galaxy. We confirm redshifts for three
regions of the host galaxy that match that of GRB 020903. We measure metallicity of these regions,
and find that the explosion site and the nearby star-forming regions both have comparable sub-solar
metallicities. We conclude that, in agreement with past spatially-resolved studies of GRBs, the GRB
explosion site is representative of the host galaxy as a whole rather than localized in a metal-poor
region of the galaxy.
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1. INTRODUCTION
Long-duration gamma-ray bursts (LGRBs) are highly
energetic transient events associated with the core col-
lapse of massive progenitor stars (Woosley 1993). Given
the short lifetimes of their massive progenitor stars,
LGRBs occur in star-forming galaxies, with morpholo-
gies that are more irregular than normal core-collapse
supernovae hosts (Bloom et al. 2002; Le Floc’h et al.
2003; Christensen et al. 2004; Fruchter et al. 2006). The
extreme luminosities of these events allow us to detect
them out to extremely high redshifts (z ∼ 9.4, Cucchiara
et al. 2011). As a result, LGRBs can serve as excel-
lent probes of the earliest star-forming galaxies in our
universe. Consequently, it is important to understand
whether the explosion site of an LGRB - including its
star formation rate, metallicity, and evolved massive star
population - can be treated as representative of both the
host galaxy and the local star-forming galaxy population
as a whole.
Recent studies have suggested that LGRBs are pref-
erentially located in relatively low-metallicity galaxies
(Woosley & Heger 2006; Wainwright et al. 2007; Kru¨hler
et al. 2015), with LGRB hosts falling below the mass-
metallicity and luminosity-metallicity relations for star-
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forming galaxies out to z ∼ 1 (Fynbo et al. 2008; Ko-
cevski et al. 2009; Levesque et al. 2010a,b; Woosley &
Heger 2006). Kru¨hler et al. (2015) identified a popula-
tion of GRB hosts with greater than solar metallicity
(the average GRB host metallicity is log(O/H)+12 ∼
8.5), but this fraction of hosts is small and suggests that
some mechanism may be hindering GRB development
in high metallicity environments. However, most LGRB
studies are limited to global studies of the host galaxies
as a whole, studying morphological trends in LGRB lo-
calization or obtaining a single spectrum of a small and
faint galaxy that represents a galaxy-wide composite of
its ISM properties. Host absorption in an LGRB af-
terglow spectrum is a better representation of the local
GRB host environment, but this only samples a single
sight-line and is limited to higher redshifts (z & 1.5),
where most work is done in the rest-frame UV and is
thus difficult to consistently compare to lower-redshift
optical studies.
A complete understanding of the environmental de-
pendence of LGRBs relies upon observations that
can pinpoint the specific local explosion sites of
GRBs and compare them to their larger host galax-
ies.Unfortunately, GRB rate density peaks at z∼2.5 and
decreases by an order of magnitude towards z∼0 (Jakob-
sson et al. 2012; Perley et al. 2016). LGRBs in this z≤1
region preferentially occur in faint, low mass galaxies
(Vergani et al. 2015). Consequently, LGRB hosts that
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2are close enough or large enough (in projection) for spa-
tially resolved studies are rare, and only five have been
studied so far (Levesque 2016). The closest such galaxy,
the host of GRB 980425 at z = 0.0085, has been stud-
ied using integral field unit spectroscopy (Christensen
et al. 2008; Kru¨hler et al. 2017). Tho¨ne et al. (2014)
and Izzo et al. (2017) performed similar IFU analysis
using the Very Large Telescope (VLT), on the hosts of
GRB 060505 and GRB 100316D respectively; the for-
mer being an update to a previous long slit study by
Tho¨ne et al. (2008). All provided an extensive series
of spatially resolved spectra and complex metallicity
maps, demonstrating that GRBs form in regions that
appear to be slightly more metal-poor than the global
metallicity but agree to within the uncertainties of the
metallicity diagnostics (Kewley & Ellison 2008).
The remaining hosts have been studied using long-
slit spectroscopy, positioning the slit to capture multiple
distinct regions within the presumed host complex (the
hosts of GRB 120422A Levesque et al. 2012; Schulze
et al. 2014, and GRB 020819B Levesque et al. 2010b).
However, a more recent study of the GRB 020819B host
using the Multi Unit Spectroscopic Explorer (MUSE)
on the VLT revealed the host galaxy to be a foreground
galaxy unassociated with the GRB (Perley et al. 2017).
This further demonstrates the advancements provided
by IFU studies over traditional long-slit spectroscopy.
The host galaxy of the ultra-long GRB 130925A at
z = 0.347 has also been studied with spatially-resolved
longslit spectroscopy (Schady et al. 2015), although it is
unclear whether the ultra-long class of GRBs should be
treated as phenomenologically distinct from the general
LGRB population (e.g. Levan et al. 2014). In all stud-
ies where the host is successfully resolved into multiple
components, the observations conclude that the explo-
sion site metallicity is representative of the galaxy as a
whole (Levesque et al. 2012).
GRB 020903 (sometimes also referred to as XRF
020903 given the soft but X-ray rich spectrum; Heise
et al. 2001) was originally detected on 2002 September
3.421 UT on the Wide-Field X-Ray monitor and the Soft
X-Ray Camera on the High Energy Transient Explorer-2
(HETE-2) (Soderberg et al. 2004). Originally the af-
terglow went undetected (Tristram et al. 2002; Price
et al. 2002; Pavlenko et al. 2002; Uemura et al. 2002),
given the interference from a nearby galaxy, and by the
time Soderberg et al. (2004) detected an optical and ra-
dio afterglow (using the Palomar Observatory and the
Very Large Array) the host galaxy dominated the optical
spectrum. The radio afterglow was successfully observed
and 1000 times more luminous than that of a Ibc super-
nova, indicating the presence of a GRB afterglow (Soder-
berg et al. 2004). An optical rebrightening was observed
approximately 25 days after the initial detection, indi-
cating that a supernova might be associated with the
GRB (Soderberg et al. 2002; Bersier et al. 2006). Given
the similarities between the light curve and spectral dis-
tribution curve of this afterglow to those of SN 1998bw,
a supernova is the only plausible source for this GRB
(Bersier et al. 2006). The first study of the LGRB host
environment showed it to be a low-metallicity starburst
galaxy and concluded that it appeared to have at least
4 interacting components (Soderberg et al. 2004; Levan
et al. 2002). The explosion site itself has been previ-
ously observed spectroscopically and found to have one
of the lowest metallicities measured for a GRB host,
with log(O/H)+12 ∼ 8.0 (Levesque et al. 2010a), as well
as features of a significant Wolf-Rayet star population
(Hammer et al. 2006; Han et al. 2010). However, the
other three bright components of the host complex have
never been spectroscopically observed, and it is unclear
whether these are indeed the results of an interaction
or merger (as proposed by Soderberg et al. 2004; Con-
selice et al. 2005; Wainwright et al. 2007) or whether the
larger host complex contains an active galactic nucleus
as proposed by Gal-Yam et al. (2002).
Here we present a spatially-resolved study of the GRB
020903 host galaxy, using long-slit spectra of multiple
locations within the host complex. Observations and
reductions are discussed in Section 2. We determine
redshifts and ISM properties for these regions (Section
3) and discuss our results and comparisons with previous
work in Section 4.
2. OBSERVATIONS & REDUCTIONS
2.1. Observations
We were allocated 4.5 hours of observing time through
the Gemini Fast Turnaround program on the Gemini
Multi-Object Spectrograph on Gemini South. Observa-
tions were carried out in queue mode during November
and December of 2016 (see Table 1), with an image qual-
ity of ≥70%1 and a mean airmass of 1.19.
Our spectra of the GRB 020903 host complex were
taken with the 0.5′′×330′′ slit, using the B600 grat-
ing centered at 5000A˚ and the R400 grating (with the
GG0405 blocking filter) centered at 7000A˚ for a total
wavelength coverage of ∼3600A˚ to 9000A˚ (with the grat-
ing centers shifted by +50A˚ for half of our observations
1 Our image quality criteria correspond to a point source
FWHM of ≤ 0.75′′ in the r-band; see http://www.gemini.edu/
sciops/telescopes-and-sites/observing-condition-constraints#
ImageQuality for a complete discussion of Gemini image quality
criteria.
3Figure 1. The host complex of GRB 020903, imaged using the F606W filter on ACS with HST. The four key regions identified
in the host complex (ABCD) are labeled; the explosion site associated with region A is marked with a red cross. The two slit
position angles used in our observations are illustrated with dotted (PA1=55.06
◦, spanning the A and B regions) and dashed
(PA2=28.54
◦, spanning the C and D regions) lines indicating the width of the 0.5′′ slit.
to avoid the detector gaps). Given the irregular nature
of the GRB 020903 host complex, we observed spectra
of the galaxy at two different specific position angles:
55.06◦ to observe the A (GRB explosion site) and B re-
gions of the host, and 28.54◦ to observe the C and D
regions (see Figure 1). As a result of this technique,
some of our observations were taken well off of the par-
allactic angle (up to ∼62◦). Since this technique was
the only means of ensuring that we could observe two
regions of the host complex in a single observation, it
rendered flux calibration of our data impractical.
To ensure that we did indeed capture the GRB host
galaxy in the slit, we first centered the slit on nearby
bright stars that would would place both the centered
star and the specified regions of the host complex on
the slit at the appropriate position angle. We then con-
firmed our slit placement in the raw 2D images, suc-
cessfully identifying continua from the host spectra and
other intervening objects at the appropriate positions
along the slit.
A full summary of observing dates and configurations
is given in Table 1; each configuration was observed for
a total exposure time of 1800s. We also obtained stan-
dard quartz lamp and CuAr arc lamp observations for
flatfield and wavelength calibrations. The pixel scale of
the GMOS-S detector is 0.08′′/pix and the data were
reading out in 2x2 binning mode, giving our data an
image scale of 0.16′′/pixel.
2.2. Reduction
The data were reduced using IRAF2, primarily using
the GMOS package tailored specifically for reduction of
2 IRAF is distributed by the National Optical Astronomy Ob-
servatories, which are operated by the Association of Universi-
Table 1. Summary of observations
Date (UT) PA (◦) Grating λc (A˚)
2016 Nov 5 55.06 B600 5000
55.06 B600 5050
2016 Nov 28 55.06 R400 7000
55.06 R400 7050
2016 Dec 2 28.54 R400 7000
28.54 R400 7050
2016 Dec 20 28.54 B600 5000
Gemini spectrograph data and including standard rou-
tines for bias correction, flatfielding, and cosmic ray re-
moval. Initially, a single spectrum was extracted from
each file using the IRAF task apall and a 10-pixel (1.6′′)
aperture, large enough to yield composite spectra of
regions A+B (for spectra taken at a position angle of
55.06◦) and C+D (for spectra taken at a position angle
of 28.54◦).
In addition, we extracted an Hα line profile in the
spatial direction (also using the apall optimal extrac-
tion algorithm) for our A+B observations. The line pro-
file revealed two spatially-distinct peaks in our A+B
observations, f0.8′′ (5 pixels) apart, corresponding to
separate spectra from the A and B regions (Figure
2) and discernible given the maximum FWHM image
quality criteria required for executing our observations
(FWHM≤ 0.75′′ in r); no similar distinction could be
discerned in the line profiles for the C+D observations.
To extract individual spectra of regions A and B within
ties for Research in Astronomy, Inc., under cooperative agreement
with the National Science Foundation.
4the host, we performed a second extraction centered on
each peak with two smaller apertures of 4 pixels (0.64′′)
to minimize blending from the two regions in the indi-
vidual spectra. However, given the close proximity of
the apertures (the peak of Region A is separated from
the Region B aperture by only 0.64′′ and vice versa)
some contribution to the spectrum of each region from
its neighbor is still to be expected. Assuming Gaus-
sian brightness profiles for both regions we estimate a
contribution of .10% from Region B in the Region A
spectrum and .20% from Region A in the Region B
spectrum.
Beginning on 2016 Sept 30 a new bias structure ap-
peared on the GMOS-S detector following a full thermal
cycle of the dewar. This most notably included broad
bright vertical fringes and 1-pixel horizontal stripes in
CCD2 and CCD3 that could not be reliably subtracted
in full, and a significant increase in the detector noise
(as much as five times higher than unaffected areas in
CCD2). A solution for removing this bias structure was
not found during engineering tests, but the problem
spontaneously resolved following an unscheduled ther-
mal cycle of the instrument on 2017 Feb 21. All of our
observations were taken while this bias structure and
excess noise were present on the detector, including bi-
ases (Gemini support advised using contemporaneous
bias frames to minimize the effects of this problem). As
the central chip, CCD2, was the most heavily affected,
this made all data between ∼4800-5500A˚ (for our blue
spectra) and ∼6000-7800A˚ (for our red spectra) unsuit-
able for line measurements. Our grating configurations
did provide clean wavelength coverage below 4800A˚ and
between ∼5500-6500A˚ (for the B600 grating centered at
5050A˚) and between ∼7800-9000A˚ (for the R400 grat-
ing centered at 7050A˚), successfully capturing the crit-
ical [OII]λ3727, Hβ, [OIII]λ4959, [OIII]λ5007, Hα, and
[NII]λ6584 features at the presumed GRB 020903 host
redshift of z = 0.251 in the clean regions of CCD3 (see
Section 3.1 for further discussion).
To avoid compounding the effects of the CCD2 and
CCD3 bias structures, we reduced each individual obser-
vation of the GRB 020903 host complex separately. The
effects of the bias structure precluded effectively com-
bining spectra taken with two different gratings or two
different central wavelengths, since shifting bias struc-
ture and chip gap effects would inconsistently impact
our emission features across different configurations. As
a result, our final analyses were conducted using only
the B600 λc=5050A˚ (where we detect the [OII], Hβ,
and [OIII] emission features of the GRB host) and R400
λc=7050A˚ spectra (where we detect the Hα and [NII]
emission features of the GRB host) for the A and B re-
Table 2. Average dereddened equivalent widths of emission
lines
Wavelength Region A (A˚) Region B (A˚) Region C+D (A˚)
[OII]λ3727 41.57±1.96 17.20±0.86 NA
Hβ 59.19±1.80 30.14±1.12 7.43±1.00
[OIII]λ4959 99.76±3.44 68.16±2.11 10.79±2.05
[OIII]λ5007 321.7±10.71 218.8±7.35 NA
Hα 305.2±8.02 167.6±4.38 9.60±0.91
[NII]λ6584 9.42±0.63 8.64±0.51 0.51±0.10
gions. Due to a slight misalignment of the position an-
gle, B600 spectra were not obtained for the C+D region,
only R400 spectra (where we detect the Hβ, [OIII]λ4959,
Hα and [NII] emission features). [OIII]λ5007 is lost in
the chip gap, and the C+D region was dimmer than the
A+B region, making [OII]λ3727 indistinguishable from
the continuum.
Figure 3 shows sections from the composite spectra
of regions A+B and C+D, confirming that the redshift
of these regions is z=0.251 and demonstrating how the
C and D regions are significantly dimmer. This comes
into significant effect when we consider any contribu-
tions from the C+D spectrum in the A+B spectrum
and vice versa. Regions B and C in particular are quite
close together; one could thus expect potential contri-
butions from each region in the other’s spectrum. It is
possible that region C+D is not strongly star-forming
and thus does not contribute significant emission signa-
tures to the A and B spectra. It is also possible that
contribution of region B is too weak to be discerned in
the C+D spectrum; however, this explanation seems un-
likely given the relative brightness of region B in Figure
1. It is possible that the image quality during these
observations was sufficient to avoid significant blending.
Unfortunately, Gemini notes only the image quality per-
centile for individual exposures (corresponding here to
FWHM≤ 0.75′′ in r), so the precise FWHM during these
observations cannot be confirmed. More likely there is
some blending between regions, especially between re-
gions C and B, that is unavoidable.
3. ANALYSIS
Emission line equivalent widths were measured by
continuum normalizing the spectra using the task
continuum and using the splot task in the kpnoslit
package to integrate the pixel values of each spectral
feature from the linear continuum. Table 2 summarizes
the average line widths measured in regions A, B, and
C+D, corrected for reddening and redshift effects.
5Figure 2. Extraction of individual spectra for the A (explosion site) and B regions of the GRB 020903 host complex. Top:
raw 2D ds9 image (vertical dispersion direction) of an observation taken at a position angle of 55.06◦; the continuum from the
A and B regions of the host complex is visible, as are the bright Hα and [NII]λ6584 emission features. Extraction regions for
the composite A+B spectrum (red) and the individual A and B spectra (blue) are marked. Center: Hα line profile extracted
from the above image; separate peaks corresponding to the two regions are labeled. Bottom: Comparison of the individual
continuum-normalized spectra extracted for region A (red) and B (blue); positions of the Hα and [NII]λ6548 lines at z = 0.251
are marked. Note the changes in the strengths of the Hα and [NII]λ6584 features.
6Figure 3. Composite spectra of the A+B regions (top)
and C+D regions (bottom) for the GRB 020903 host galaxy.
Note the chip gap present in the C+D spectrum at ∼6225A˚-
6265A˚ due to insufficient wavelength coverage at PA2, which
prevents measuring a clean emission line profile and equiva-
lent width for the [OIII]λ5007 feature.
The spectra were dereddened using the Pyastronomy
package pyasl.unred.3 E(B − V ) values were calcu-
lated using the Cardelli et al. (1989) reddening law and
the Hα/Hβ line ratio, assuming case B recombination
(Hα/Hβ = 2.87) with an effective temperature of 104 K
and ne ∼ 102 − 104 cm−3 following Osterbrock (1989).
We measured an E(B − V ) = 0.03±0.03 in the A ex-
plosion site region, in good agreement with Levesque
et al. (2010a). Region B had a slightly higher E(B−V )
= 0.10±0.03, as did Region C+D with E(B − V ) =
0.16±0.02.
After correcting the spectra for reddening effects, we
proceeded to compare the metallicities of the three re-
gions, using B and C+D as a comparative host regions
to the GRB site A. We calculated metallicities using
the R23 diagnostic presented in Kobulnicky & Kewley
(2004) for regions A and B, which was calibrated using
emission line equivalent widths and is thus well-suited
for use with our data. Unfortunately the [OII]λ3727
is not available for the C+D region. To compensate,
we also include metallicities calculated using the O3N2
and N2 diagnostic calibrations of Pettini & Pagel (2004),
though we note that these diagnostics are typically ap-
plied to data sets where line fluxes are available. The
[OIII]λ5007 is not available for the C+D spectrum, so
3 https://github.com/sczesla/PyAstronomy
Table 3. Metallicities in the GRB 020903
host galaxy
Region log(O/H) + 12
R23 PP04 N2 PP04 O3N2
A 8.1±0.1 8.1±0.1 8.0±0.1
B 8.3±0.1 8.2±0.1 8.0±0.1
C+D NA 8.2±0.2 8.1±0.2
we adopt a [OIII]λ5007 / [OIII]λ4959 ratio of 3 and
use this to estimate a [OIII]λ5007 line.
The resulting metallicities are given in Table 3. While
there are offsets on the order of ∼0.1-0.2 dex between
the different diagnostics (in agreement with the diagnos-
tic offsets found by Kewley & Ellison 2008), we measure
a O3N2 metallicity of log(O/H)+12=8.0±0.1 for region
A and B, and log(O/H)+12=8.1±0.2 for region C+D.
While both the R23 and N2 diagnostic suggest that re-
gions B,C, and D may have a slightly higher metallicity,
all three diagnostics show that the two regions have com-
parable metallicities to within the errors (with the sys-
tematic errors of the metallicity diagnostic calibrations
dominating the sources of error; see Kewley & Ellison
2008).
The rest-frame equivalent width of the Hβ emission
line (WHβ) can be used as a diagnostic of the age of the
young stellar populations in a star-forming galaxy (e.g.
Dottori 1981; Levesque & Leitherer 2013). Despite sen-
sitivities to the initial mass function, metallicity, and
stellar mass loss rate, WHβ is predominantly dependent
on the evolution of HII regions. WHβ decreases mono-
tonically with population age, and effects from electron
temperature and density are negligible. Therefore, if
a zero-age instantaneous burst star formation history
is assumed WHβ can be used to approximate the typi-
cal age of the galaxy’s young stellar population (Copetti
et al. 1986; Levesque & Leitherer 2013). To clarify, stars
of this age dominate the galaxy’s continuum, so many
young stars within the galaxy have ages equal to or less
than the typical young stellar population age. It is also
crucial to note the drawbacks of this method, particu-
larly that it adopts a zero-age instantaneous burst star
formation history when modeling how WHβ decreases
with age (Copetti et al. 1986); in reality the star for-
mation history of the galaxy is likely much more com-
plex. Despite these limitations, the age - WHβ relation
still provides a valuable, if approximate, insight on the
young stellar population of the host galaxy.
We applied the equations for stellar population age
derived by Levesque et al. (2010a), based on data from
7Schaerer & Vacca (1998), adopting a model metallic-
ity of Z∼0.004 for all three regions following our own
metallicity determination. Region A had a typical young
stellar population age of 4.9 ± 0.1 Myr, while region B
yielded a slightly older typical young stellar population
age of 5.8 ± 0.2 Myr. Region C+D had a significantly
older typical young stellar population age of 8.9+0.7−0.6
Myr. This is in agreement with the predicted young
ages of GRB progenitors and their parent stellar popu-
lations (Bloom et al. 2002; Berger et al. 2007), as well
as predicted masses for GRB progenitors. Adopting the
Georgy et al. (2013) stellar evolutionary tracks (adopt-
ing a sub-solar - log(O/H)+12∼ 8 - metallicity similar to
that of the GRB 020903 host and assuming non-rotating
single star evolution), these ages correspond to a zero-
age main sequence (ZAMS) mass of ∼40M for Region
A, as compared to ∼32M for Region B and ∼20M for
the C+D region. This is in good agreement with recent
work on the presumed progenitor masses of GRBs: Lars-
son et al. (2007) estimated that GRB progenitors must
have ZAMS masses significantly higher than 20M (with
a model considering only main sequence lifetimes, mak-
ing this a very conservative lower limit), while Raskin
et al. (2008) use host galaxy modeling to conclude that
progenitors of GRBs have ZAMS masses above ∼40.
The age and inferred ZAMS mass of Region A is thus
in excellent agreement with basic predictions for GRB
progenitors (though it is worth noting that the effects
of rotation and binary interactions will also impact the
expected ZAMS mass range of core-collapse progenitors
as determined from stellar population ages).
Levesque et al. (2010a) determined a minimum age of
5.8±0.2 Myr for region A, the explosion site, based on
a WHβ = 31.3. However, it is important to note that
the GRB 020903 spectrum presented in Levesque et al.
(2010a) was, unusually, taken only about a year after
GRB 020903 was detected, on 2003 Oct 7. At this time
the light from the explosion site may still be contami-
nated by the fading core-collapse supernova associated
with the GRB (see, for example, Bersier et al. 2006),
which would increase the continuum flux in the blue
and lead to an underestimate of the equivalent width
for the host’s nebular Hβ emission. It should also be
noted that blending with other components of the host
(or background) galaxies could have complicated an ac-
curate determination of the Hβ equivalent width in Re-
gion A given that the Levesque et al. (2010a) spectrum
was taken with a 1′′ slit rather than the narrow 0.5′′ slit
used here at a position angle of 72.6◦. This set-up could
potentially introduce blending with other components of
the host complex depending on the seeing conditions.
4. DISCUSSION AND FUTURE WORK
Overall, our results show that the A region, the explo-
sion site of GRB 020903, is less dusty and may contain
a younger massive star population than B, C, and D
regions. The young stars and low dust content suggest
that Region A is likely the most recent and active site of
star formation in the GRB 020903 host complex. This
is in agreement with other spatially-resolved host stud-
ies of GRB host galaxies that have localized GRBs in
the most strongly star-forming regions of their hosts.
We also find that the all regions share comparably low
metallicities based on the R23, O3N2, and N2 diagnos-
tics. This is the most metal-poor host galaxy yet stud-
ied with spatially-resolved spectra, and our results agree
with similar conclusions for the hosts of GRB 980425,
060505, 100316D, and 120422A, which all support rela-
tively homogeneous metallicity within the galaxy (Chris-
tensen et al. 2008; Tho¨ne et al. 2008; Levesque et al.
2011, 2012; Schulze et al. 2014; Izzo et al. 2017; Kru¨hler
et al. 2017).
Figure 4 illustrates that all six existing studies of
spatially-resolved GRB hosts (including the ultra-long
GRB 130925A and our work on GRB 020903, but now
excluding GRB 020819B based on Perley et al. 2017)
measure explosion site and galaxy metallicities that
agree to within the uncertainty of the diagnostics. This
further supports evidence that explosion site metallici-
ties can be considered representative of the entire host
galaxy, and that GRB host metallicities determined
from global spectra can be adopted as acceptable prox-
ies for the natal metallicity of the GRB progenitor. It is
worth noting that at the distances of most GRBs “site”
metallicities remain unresolved on the scale of a kpc or
more; for comparison, Niino et al. (2015) found that a
500 pc resolution is needed to discern metallicity varia-
tions and 100 pc resolution is needed to avoid systemic
errors. However, at the typical distance of GRBs kpc
resolution is the best attainable resolution for studying
potential variations - even at relatively large scales -
across their hosts.
This is, of course, based on the still-small sample
of spatially-resolved GRB hosts with well-studied ISM
properties. There are other GRB host galaxies where
spatially resolved studies of the ISM are possible but
have not yet been performed, including GRBs 990705,
011121, 030329, 060218, and 130427A (Levesque 2016).
With a larger sample of spatially-resolved GRB host
studies we could draw more concrete conclusions about
the precise environments and parent populations that
produce GRB progenitors, and how representative these
regions are of the galaxies as a whole. These are also
compelling future targets for integral field unit (IFU)
8Figure 4. Updated from Levesque et al. (2011); a compar-
ison of “host” and “explosion site” metallicities for LGRBs
(filled circles) and the ultra-long GRB 130925A (open circle)
as determined from the Pettini & Pagel (2004) diagnostics.
Our N2 diagnostic results for GRB 020903 are shown in red
and compared to metallicities for GRB 980425 (Christensen
et al. 2008), 060505 (Tho¨ne et al. 2014), 100316D (Izzo et al.
2017), 120422A (Levesque et al. 2012), and 130925A (Schady
et al. 2015). Where site and host metallicities are identical
is plotted as a gray dashed line.
spectroscopy, which offers the possibility of constructing
finer-grained metallicity maps and clearly distinguish-
ing between interacting components and foreground or
background regions. Christensen et al. (2008) and
Kru¨hler et al. (2017) successfully obtained IFU obser-
vations of the very nearby (∼44Mpc) GRB 980425 host
galaxy using VIMOS and MUSE (respectively) on the
Very Large Telescope; in the future, IFU instruments on
the Extremely Large Telescopes should make it possi-
ble to extend this work to greater distances and smaller
angular sizes, allowing for a larger and more detailed
census of GRB explosion sites.
Finally, in the case of GRB 020903, studies of addi-
tional ISM properties such as ionization parameter and
star formation history, combined with dynamical stud-
ies that can highlight potential past interactions between
the A region and the other host regions, will allow us to
further characterize the key environmental parameters
that led to the birth of the GRB’s progenitor star.
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